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[57] ABSTRACI‘ 
In order to rapidly bring the temperature of the coolant 
in the coolant jacket of an evaporative type cooling 
system to a derived target value, both the rate of heat 
exchange between the condenser or radiator of the 
system and the surrounding ambient atmospheric air 
and the amount of coolant in the cooling circuit are 
varied in a manner to change the pressure and therefore 
the boiling point of the coolant. With the invention 
coolant is positively pumped to and from a reservoir 
which is maintained at atmospheric pressure, into and 
out of a cooling circuit which is hermetically sealed 
during engine operation via a valve and conduit ar 
rangement which includes only two electromagnetic 
valves and associated conduits. A reversible pump is 
utilized to pump the coolant to and from the reservoir. 
The coolant is permitted to pass unrestrictedly through 
the pump when the pump is not operating due to a 
pressure differential between the cooling circuit and the 
reservoir. 

7 Claims, 19 Drawing Figures 
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COOLING SYSTEM FOR AUTOMOTIVE ENGINE 
OR THE LIKE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to an evapo 

rative type cooling system for an internal combustion 
engine wherein liquid coolant is permitted to boil and 
the vapor used as a vehicle for removing heat there 
from, and more speci?cally to such a system which 
features a simple valve and conduit arangement and 
which enables rapid control of pressure prevailing in 
the cooling circuit thereof so as to offset any undesir 
able effects on temperature control that sudden changes 
in ambient conditions might have and which further 
prevents the intrusion of contaminating air and/or the 
like non-condensible matter. 

2. Description of the Prior Art 
In currently used ‘water cooled’ internal combustion 

engines such as shown in FIG. 1 of the drawings, the 
engine coolant (liquid) is forcefully circulated by a 
water pump, through a cooling circuit including the 
engine coolant jacket and an air cooled radiator. This 
type of system encounters the drawback that a large 
volume of water is required to be circulated between 
the radiator and the coolant jacket in order to remove 
the required amount of heat. Further, due to the large 
mass of water inherently required, the warm-up charac 
teristics of the engine are undesirably sluggish. For 
example, if the temperature difference between the inlet 
and discharge ports of the coolant jacket is 4 degrees, 
the amount of heat which 1 Kg of water may effectively 
remove from the engine under such conditions is 4 
Kcal. Accordingly, in the case of an engine having an 
1800 cc displacement (by way of example) is operated 
full throttle, the cooling system is required to remove 
approximately 4000 Kcal/h. In order to achieve this, a 
?ow rate of 167 liter/min (viz;, 4000—60><l) must be 
produced by the water pump. This of course undesir 

. ably consumes a number of otherwise useful horse 
power. 
FIG. 2 shows an arrangement disclosed in Japanese 

Patent Application Second Provisional Publication No. 
Sho. 57-57608. This arrangement has attempted to va 
porize a liquid coolant and use the gaseous form thereof 
as a vehicle for removing heat from the engine. In this 
system the radiator 1 and the coolant jacket 2 are in 
constant and free communication via conduits 3, 4 
whereby the coolant which condenses in the radiator 1 
is returned to the coolant jacket 2 little by little under 
the influence of gravity. 

This arrangement has suffered from the drawbacks 
that the radiator, depending on its position with respect 
to the engine proper, tends to be at least partially ?lled 
with liquid coolant. This greatly reduces the surface 
area via which the gaseous coolant (for example steam) 
can effectively release its latent heat of vaporization and 
accordingly condense, and thus has lacked any notable 
improvement in cooling ef?ciency. 

Further, with this system in order to maintain the 
pressure within the coolant jacket and radiator at atmo 
spheric level, a gas permeable water shedding ?lter 5 is 
arranged as shown, to permit the entry of air into and 
out of the system. However, this ?lter permits gaseous 
coolant to readily escape from the system, inducing the 
need for frequent topping up of the coolant level. 
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2 
A further problem with this arrangement has come in 

that some of the air, which is sucked into the cooling 
system as the engine cools, tends to dissolve in the wa 
ter, whereby upon start up of the engine, the dissolved 
air tends to come out of solution and form small bubbles 
in the radiator which adhere to the walls thereof and 
form an insulating layer. The undissolved air also tends 
to collect in the upper section of the radiator and inhibit 
the convention-like circulation of the vapor from the 
cylinder block to the radiator. This of course further 
deteriorates the performance of the device. 
European Patent Application Provisional Publication 

No. 0 059 423 published on Sept. 8, 1982 discloses an 
other arrangement wherein, liquid coolant in the cool 
ant jacket of the engine, is not forcefully circulated 
therein and permitted to absorb heat to the point of 
boiling. The gaseous coolant thus generated is adiabati 
cally compressed in a compressor so as to raise the 
temperature and pressure thereof and thereafter intro 
duced into a heat exchanger (radiator). After condens 
ing, the coolant is temporarily stored in a reservoir and 
recycled back into the coolant jacket via a ?ow control 
valve. 

This arrangement has suffered from the drawback 
that when the engine is stopped and cools down the 
coolant vapor condenses and induces sub;atmospheric 
conditions which tend to induce air to leak into the 
system. This air tends to be forced by the compressor 
along with the gaseous coolant into the radiator. Due to 
the difference in speci?c gravity, the air tends to rise in 
the hot environment while the coolant which has con 
densed moves downwardly. The air, due to this inher 
ent tendency to rise, forms pockets of air which cause a 
kind of ‘embolism’ in the radiator and which badly 
impair the heat exchange ability thereof. 
US. Pat. No. 4,367,699 issued on Jan. ll, 1983 in the 

name of Evans (see FIG. 3 of the drawings) discloses an 
engine system wherein the coolant is boiled and the 
vapor used to remove heat from the engine. This ar 
rangement features a separation tank 6 wherein gaseous 
and liquid coolant are initially separated. The liquid 
coolant is fed back to the cylinder block 7 under the 
in?uence of gravity while the relatively dry gaseous 
coolant (steam for example) is condensed in a fan cooled 
radiator 8. 
The temperature of the radiator is controlled by se 

lective energizations of the fan 9 which maintains a rate 
of condensation therein suf?cient to provide a liquid 
seal at the bottom of the device. Condensate discharged 
from the radiator via the above mentioned liquid seal is 
collected in a small reservoir-like arrangement 10 and 
pumped back up to the separation tank via a small con 
stantly energized pump 11. 

This arrangement, while providing an arrangement 
via which air can be initially purged to some degree 
from the system tends to, due to the nature of the ar 
rangement which permits said initial non-condensible 
matter to be forced out of the system, suffers from rapid 
loss of coolant when operated at relatively high alti 
tudes. Further, once the engine cools air is relatively 
freely admitted back into the system. The provision of 
the bulky separation tank 6 also renders engine layout 
dif?cult. 7 

Japanese Patent Application First Provisional Publi 
cation No. sho. 56-32026 (see FIG. 4 of the drawings) 
discloses an arrangement wherein the structure de?ning 
the cylinder head and cylinder liners are covered in a 
porous layer of ceramic material 12 and wherein cool 
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I ant is sprayed into the cylinder block from shower-like 
arrangements 13 located above the cylinder heads 14. 
The interior of the coolant jacket de?ned within the 
engine proper is essentially ?lled with gaseous coolant 
during engine operation at which time liquid coolant 
sprayed onto the ceramic layers 12. 
However, this arrangement has proved totally unsat 

isfactory in that upon boiling of the liquid coolant ab 
sorbed into the cramic layers, the vapor thus produced 
and which escapes into the coolant jacket inhibits the 
penetration of fresh liquid coolant and induces the situa 
tion wherein rapid overheat and thermal damage of the 
ceramic layers 12 and/or engine soon results. Further, 
this arrangement is of the closed circuit type and is 
plagued with air contamination and blockages in the 
radiator similar to the compressor equipped arrange 
ment discussed above. 
FIG. 7 shows an arrangement which is disclosed in 

copending United States patent application Ser. No. 
663,911 ?led on Oct. 23, 1984 in the name of Hirano. 
The disclosure of this application is hereby incorpo 
rated by reference thereto. 

This arrangement while overcoming the problems 
inherent in the above discussed prior art suffers from 
the drawback of being overly complex in that a plural 
ity of valves and conduits (valves 134, 152, 156 and 170 
and conduits 150, 154 and 168) are required to execute 
the intended control thereof and further in that, even 

.. though provision is made to control the coolant boiling 
" "point by varying both the cooling effect provided by 

" 1" the fan 127 and the amount of coolant in the condensor 
_ or radiator 126, still the response to sudden changes in 

; ambient conditions has been overly sluggish and thus 
' has exhibited an unacceptable degree of oversensitivity 
to extenal in?uences. 
For convenience the same numerals as used in the 

.above mentioned patent application are also used in 
'. ‘FIG. 7. 

' SUMMARY OF THE PRESENT INVENTION 

It is an object of the present invention to provide a 
' cooling system for an internal combustion engine or the 
like device which permits liquid coolant to boil and uses 
the vapor generated as a vehicle for removing heat from 
the engine and which features a simple construction 
which controls the pressure prevailing in the system by 
positively pumping coolant into or out of the cooling 
circuit thus ensuring rapid response to sudden devia 
tions in the boiling point from the desired value. 

In brief, the above mentioned objects is achieved by 
an arrangement wherein in order to rapidly bring the 
temperature of the coolant in the coolant jacket of an 
evaporative type cooling system, to a variable target 
value, both the rate of heat exchange between the con 
denser (or radiator of the system) and the surrounding 
ambient atmospheric air and the amount of coolant in 
the cooling circuit are varied in a manner to change the 
pressure and therefore the boiling point of the coolant; 
and which features an arrangment having only two 
electomagnetic valves which enables coolant to be posi 
tively pumped to and from a reservoir maintained at 
atmospheric pressure, into and out of a cooling circuit 
which is hermetically sealed during engine operation 
and for coolant to be inducted under the in?uence of a 
pressure differential between the interior of the cooling 
system and the reservoir. 
More speci?cally, a ?rst aspect of the the present 

invention takes the form of an internal combustion en 
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4 
gine having a structure subject to high heat ?ux; a cool 
ing circuit for removing heat from the engine compris 
ing: (a) a coolant jacket formed about the structure, the 
coolant jacket being arranged to receive coolant in 
liquid form and discharge same in gaseous form, (b) a 
radiator in which the gaseous coolant produced in the 
coolant jacket is condensed to its liquid form, and (c) a 
vapor transfer conduit leading from the coolant jacket 
to the radiator for transfering gaseous coolant from the 
coolant jacket to the radiator; a device associated with 
the radiator for varying the rate of heat exchange be 
tween the radiator and a cooling medium surrounding 
the radiator; a liquid coolant return conduit leading 
from the radiator to the coolant jacket for returning 
coolant condensed to its liquid state in the radiator to 
the coolant jacket; a reservoir the interior of which is 
maintained constantly at atmospheric pressure; valve 
and conduit means for selectively interconnecting the 
reservoir and the cooling circuit, the valve and conduit 
means including a three-way valve disposed in the re 
turn conduit and a level control conduit leading from 
the three-way valve to the reservoir, the three-way 
valve having a ?rst state wherein ?uid communication 
between the radiator and the coolant jacket is inter 
rupted and communication between the radiator and 
the reservoir established, and a second state wherein 
communication between the reservoir and the radiator 
is interrupted and communication between the radiator 
and the coolant jacket established; a reversible pump 
disposed in the coolant return conduit at a location 
between the radiator and the three-way valve, the pump 
being selectively energizable to pump coolant in (a) a 
?rst ?ow direction from the radiator toward the three 
way valve and (b) in a second flow direction from the 
three-way valve toward the radiator; means for permit 
ting liquid coolant to 'pass unrestrictedly through the 
pump when the pump is not pumping; a ?rst sensor for 
sensing a parameter which varies with the temperature 
of the liquid coolant in the coolant jacket; a second 
sensor for sensing a parameter which varies with the 
load on the engine; and a control circuit responsive to 
the ?rst and second sensors for controlling the opera 
tion of the device, the valve and conduit means and the 
pump, the control circuit including means for: deter 
mining the operational mode of the engine; deriving a 
target temperature at which the liquid coolant in the 
coolant jacket should be maintained; operating the de 
vice in a manner to vary the rate of condensation in the 
radiator and bring the temperature of the coolant in the 
coolant jacket to the target temperature, operating the 
three-way valve in a manner to establish ?uid communi 
cation between the reservoir and the cooling circuit 
when the engine is stopped and the temperature of the 
coolant in the cooling circuit is below a predetermined 
level, so that liquid coolant can be inducted from the 
reservoir into the cooling circuit via the permitting 
means, and so that liquid coolant can be displaced from 
the cooling circuit to the reservoir via the permitting 
means when the engine is warming up after being 
started, and operating the three-way valve and the 
pump in a manner to vary the amount of coolant in the 
cooling circuit and therefore modify the pressure pre= 
vailing in the cooling circuit in a manner which tends to 
being the temperature of the coolant to the target tem 
perature. 
A further aspect of the invention comes in a method 

of cooling an internal combustion engine comprising 
the steps of: introducing liquid coolant into a cooling 
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circuit which includes a coolant jacket formed about 
structure of the engine subject to high heat flux; permit 
ting the coolant in the coolant jacket to boil and pro 
duce coolant vapor; transferring the coolant vapor to a 
radiator which de?nes a further section of the cooling 
circuit; condensing the coolant to its liquid form in the 
radiator; sensing operational parameters of the engine; 
sensing the temperature of the coolant in the coolant 
jacket; using the data obtained during the step of sensing 
operational paramters to derive a target temperature at 
which the coolant in the coolant jacket should be main 
tained under the instant set of operational conditions; 
using a device located externally of the radiator to vary 
the rate of heat exchange between the radiator and a 
cooling medium surrounding the radiator in a manner 
which tends to bring the temperature of the coolant to 
the target temperature; using a reversible pump to pump 
coolant into and out of the coolant circuit in a manner 
which varies the pressure prevailing in the cooling cir 
cuit in a manner which tends to bring the temperature 
of the coolant to the target temperature; storing liquid 
coolant in a reservoir; and permitting liquid coolant to 
pass unrestrictedly through the reversible pump from 
the reservoir to the cooling circuit and vice versa under 
the in?uence of a pressure differential which exists 
betwen the cooling circuit and the reservoir when the 
pump is not pumping. 
An outstanding feature of the present invention in 

vention comes in the simplicity of the valve and con 
duiting arrangement which provides ?uid communica 
tion between the reservoir and the cooling cirucit of the 
system. Viz., the valve and conduiting requires only 
two electromagnetic valves and two corresponding 
conduits to execute all of the coolant management con 
trol needs. This feature is enabled by the use of a pump 
which permits coolant to ?ow freely therethrough 
when not operating. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the arrangement of 
the present invention will become more clearly appreci 
ated from the following description taken in conjunc 
tion with the accompanying drawings in which: 
FIG. 1 is a partially sectioned elevation showing the 

conventional water circulation type cooling system 
discussed in the opening paragraphs of the instant dis 
closure; 
FIG. 2 is a schematic side sectional elevation of a 

prior art arrangement also discussed brie?y in the ear 
lier part of the speci?cation; 
FIG. 3 shows in schematic layout form, another of 

the prior art arrangements previously discussed; 
FIG. 4 shows in partial section yet another of the 

previously discussed prior art arrangements; 
FIG. Sis a graph showing in terms of induction vac 

uum (load) and engine speed the various load zones 
encountered by an automotive internal combustion 
engine; ' 

FIG. 6 is a graph showing in terms of pressure and 
temperature, the change which occurs in the coolant 
boiling point with change in pressure; 
FIG. 7 shows in schematic elevation the arrangement 

disclosed in the opening paragraphs of the instant dis 
closure in conjunction with copending U.S. Ser. No 
663,911; . 

FIG. 8 shows in sectional elevation ‘a ?rst embodi 
ment of the present invention; 
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FIGS. 9 to 18 are ?ow charts depicting the steps 
which characterize the control of the arrangement 
shown in FIG. 8 and 
FIG. 19 shows a second embodiment of the present 

invention which features a slightly modi?ed conduiting 
arrangement. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Before proceeding with the description of the em 
bodiments of the present invention, it is deemed appro 
priate to discuss some of the concepts on which the 
present invention is based. 
FIG. 5 graphically shows in terms of engine torque 

and engine speed the various load ‘zones’ which are 
encountered by an automotive vehicle engine. In this 
graph, the curve F denotes full throttle torque charac 
teristics, track L denotes the resistance encountered 
when a vehicle is running on a level surface, and zones 
I, II and III denote respectively ‘urban cruising‘, ‘high 
speed cruising’ and ‘high load operation’ (such as hill 
climbing, towing etc.). 
A suitable coolant temperature for zone I is approxi 

mately 110° C. while 90°-80° C. for zones II and III. 
The high temperature during ‘urban cruising’ promotes 
improved thermal ef?ciency while simultaneously re 
moving suf?cient heat from the engine and associated 
structure to prevent engine knocking and/ or engine 
damage in the other zones. For operational modes 
which fall between the aforementioned ?rst, second and 
third zones, it is possible to maintain the engine coolant 
temperature at approximately 100° C. if so desired. 
With the present invention, in order to control the 

temperature of the engine, advantage is taken of the fact 
that with a cooling system wherein the coolant is boiled 
and the vapor used as a heat transfer medium, the 
amount of coolant actually circulated between the cool 
ant jacket and the radiator is very small, the amount of 
heat removed from the engine per unit volume of cool 
ant is very high, and upon boiling, the pressure prevail 
ing within the coolant jacket and consequently the boil 
ing point of the coolant, rises if the system employed is 
of the closed circuit type. Thus, during urban cruising 
by circulating only a limited amount of cooling air over 
the radiator, it is possible reduce the rate of condensa 
tion therein and cause the pressure within the cooling 
system to rise above atmospheric and thus induce the 
situation, as shown in FIG. 7, wherein the engine cool 
ant boils at temperatures above 100° C. for example at 
approximately 119° C. (corresponding to a pressure of 
approximately 1.9 Atmospheres). In addition to the 
control afforded by the air circulation the present in 
vention is arranged to positively pump coolant into the 
system so as to vary the amount of coolant actually in 
the cooling circuit in a manner which modi?es the pres 
sure prevailing therein. The combination of the two 
control enables the temperature at which the coolant 
boils to be quickly brought to and held close to that 
deemed most appropriate for the instant set of operation 
conditions. 
On the other hand, during high speed cruising, when 

a lower coolant boiling point is highly bene?cial, it is 
further possible by increasing the ?ow cooling air pass 
ing over the radiator, to increase the rate of condensa 
tion within the radiator to a level which reduces the 
pressure prevailing in the cooling system below atrno 
spheric and thus induce‘ the situation wherein the cool 
ant boils at temperatures in the order of 80° to 90° C. In 



4,646,688 
7 

addition to this, the present invention also provides for 
coolant to be positively pumped out of the cooling 
circiut in a manner which lowers the pressure in the 
system and supplements the control provide by the fan 
in a manner which permits the temperature at which the 
coolant boils to be quickly brought to and held at a level 
most appropriate for the new set of operating condi 
tions. 
However, if the pressure in the system drops to an 

excessively low level the tendancy for air to ?nd its way 
into the interior of the cooling circuit becomes exces 
sively high and it is desirable under these circumstances 
to limit the degree to which a negative pressure is per 
mitted to develop. The present invention controls this 
by either positively pumping coolant into the cooling 
circuit while it remains in an essentially hermetically 
sealed state and raises the pressure in the system to a 
suitable level or allowing the inherent pressure differen 
tial between the interior of the cooling circuit and the 
reservoir to induce a similar effect. 
FIG. 8 of the drawings shows a ?rst embodiment of 

the present invention. In this arrangement an internal 
combution engine 200 includes a cylinder block 204 on 
which a’cylinder head 206 is detachably secured. The 
cylinder head and block are formed with suitably cavi 
ties which de?ne a coolant jacket 208 about structure of 
the engine subject to high heat ?ux (e.g. combustion 
chambers exhaust valves conduits etc.,). Fluidly com 

. municating with a vapor discharge port 210 formed in 
the cylinder head 206 via a vapor manifold 212 and 
vapor conduit 214, is a condensor 216 or radiator as it 
will be referred to hereinafter. Located adjacent the 

.raditor 216 is a selectively energizable electrically 
driven fan 218 which is arranged to induce a cooling 
draft of air to pass over the heat exchanging surface of 
the radiator 216 upon being put into operation. 
A small collection reservoir 220 or lower tank as it 

will be referred to hereinlater, is provided at the bottom 
of the radiator 216 and arranged to collect the conden 

, ;. sate produced therein. Leading from the lower tank 220 
to a coolant inlet port 221 formed in the cylinder head 
206 is a coolant return conduuit 222. A small capacity 
electrically driven pump 224 is disposed in this conduit 
at a location relatively close to the radiator 216. Ac 
cording to the present invention, this pump 224 is ar 
ranged to reversible-that is energizable so as to induct 
coolant from the lower tank 220 and pump same toward 
the coolant jacket 208 (viz., pump coolant in a ?rst ?ow 
direction) and ener'gizable so as to pump coolant in the 
reverse direction (second flow direction)—i.e. induct 
coolant through the return conduit 222 and pump it into 
the lower tank 220. Further, this pump is provide with 
means for permitting liquid coolant to pass unrestrict 
edly therethrough when the pump is not energized to 
pump in one of the ?rst and second ?ow directions. This 
means may take the form of a by-pass passage formed in 
the pump itself and some arrangement for ensuring that 
the pump once energized does not undergo a loss of 
ef?ciency due to the presence of the by-pass. Alterna 
tively, the pump may be so desiged as to permit the free 
passage of coolant without the need for valves and 
by-pass passages or the like. E.g. a kind of centrifugal 
pump or the like. 

This particular arrangement eliminates the need for a 
separate valve and conduit for permitting coolant to 
readily displaced from or inducted into the the cooling 
circuit during shut-down and or during warm-up phases 
of operation. These modes and the simplification of the 
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8 . 

system which is possible with the above mentioned 
design will become clearer as the discussion of the oper 
ation of the system unfolds hereinlater. 
A coolant reservoir 226 is disposed in close proximity 

of the engine and the radiator 216. In the embodiments 
shown in FIGS. 8 and 19 the reservoir is shown at a 
level essentially equal to that of the section of the cool 
ant jacket 208 formed in the cylinder block 204. How 
ever, if desired it is possible to arrangement the same at 
a higher position so as to take advantage of any head 
pressure that a gravity feed arrangement may provide. 
The location of the reservoir with the respect to the 
engine is not particulary critical and thus can be dis 
posed in a suitable location with the the engine room or 
the like of an automtive vehicle in the instance that the 
present invention is utilized in such an environment. 
The reservoir 226 is closed by a cap 232 in which a air 

bleed 234 is formed. This permits the interior of the 
reservoir 226 to be maintained constantly at amospheric 
pressure. 
A three-way valve 236 is disposed in the coolant 

return condiut 222 and arranged to communicate with 
the reservoir 226 via a level control conduit 238. This 
valve is arranged to have a ?rst (dc-energized) state 
wherein ?uid communication is established between the 
pump 224 and the reservoir 226 (viz., ?ow path A) and 
a second (energized) state wherein communication be 
tween the pump 224 and the coolant jacket 208 is estab 
lished (viz., flow path B). 
The vapor manifold 212 is formed with a riser portion 

240. This riser portion 240 as shown, is provided with a 
cap 242 which hermetically closes the same and further 
formed with a purge port 244. This latter mentioned 
port 244 communicates with the reservoir 226 via an 
over?ow conduit 246. This port should is arranged at 
the highest possible location in the cooling circuit so as 
to ensure that any air in the system will be removed 
therethrough. 
A normally closed ON/OFF type electromagnetic 

valve 248 is disposed in conduit 246 and arranged to be 
open only when energized. If desired this valve can be 
arranged so that the valve element thereof can be 
moved to an open position upon a predetermined maxi 
mum permissible pressure prevailing in the system and 
thus also function as an emergency relief valve. 

Also communicating with the riser 240 is a pressure 
differential responsive diaphragm operated switch ar 
rangement 250 which assumes an open state upon the 
pressure prevailing within the cooling circuit (viz., the 
coolant jacket 208, vapor manifold 214, vapor conduit 
214, radiator 216 and return conduit) dropping below 
atmospheric pressure by a predetermined amount. In 
this embodiment the switch 250 is arranged to open 
upon the pressure in the cooling circuit falling to a level 
in the order of —30 to —50 mmHg. 

In order to control the level of coolant in the coolant 
jacket, a level sensor 252 is disposed as shown. It will be 
noted that this sensor 252 is located at a level (H1) 
which is higher than that of the combustion chambers, 
exhaust ports and valves (structure subject to high heat 
?ux) so as to maintain same securely immersed in liquid 
coolant and therefore attenuate engine knocking and 
the like due to the formation of localized zones of ab 
normally high temperature or ‘hot spots’. 

Located below the level sensor 252 so as to be im 
mersed in the liquid coolant is a temperature sensor 254. 
The output of the level sensor 252 and the temperature 
sensor 254 are fed to a control circuit 256 or modulator 












